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One of the most common observations in point-contact spectra on the recently discovered fer- 
ropnictide superconductors is a large conductance asymmetry with respect to voltage across the 
point-contact. In this paper we show that the antisymmetric part of the point-contact spectrum 
between a silver tip and an epitaxial thin film of Ba(Feo.92Coo.o8)2As2 shows certain unique features 
that have an interesting evolution with increasing temperature up to a temperature far above the 
critical temperature Tc- We associate this observation with the existence of a gap above Tc that 
might originate from strong fluctuations of the phase of the superconducting order parameter. 
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Determining the order parameter symmetry is per- 
haps the most fundamental problem in understanding 
the nature of exotic superconductors. Point-contact spec- 
troscopy (PCS), owing to its ability to provide both en- 
ergy and momentum-resolved spectroscopic information, 
has proved to be an extremely powerful tool in deter- 
mining the order parameter symmetry in unconventional 
superconductors. The list includes d-wave superconduc- 
tors like the cuprates [I] , multiband superconductors like 
MgB2 [2 and the borocarbides [3] . Apart from determin- 
ing the order parameter symmetry, PCS has also been 
applied to understanding important Fermi-surface prop- 
erties in the heavy- Fermion superconductors |4j. Early 
PCS experiments on the recently discovered ferropnic- 
tide superconductors indicated the existence of a sin- 
gle BCS (Bardeen-Cooper-SchriefFer)-like superconduct- 
ing gap [5] . More recent measurements reported the exis- 
tence of features associated with multiple superconduct- 
ing gaps possibly originating from the different regions of 
the disjoint Fermi surface of this class of materials OH]- 
However, one of the common features in the majority of 
the point-contact spectra reported on the ferropnictides 
is a large asymmetry in the conductance with respect 
to voltage across the point-contact [6]. In the past, 
a similar asymmetry was observed in point-contacts in- 
volving different complex superconducting systems. Such 
conductance asymmetry has been attributed to the Fano 
resonance in the case of heavy fermion systems ^ and 
unusual Fermi surface characteristics in the case of the 
ferropnictides {&[■ However, a systematic study of the 
asymmetry in the ferropnictides is lacking. 

In this Letter, we report on PCS of single crys- 
talline thin films of the ferropnictide superconduc- 
tor Ba(Feo.92Coo.o8)2As2. The films are epitaxially 
grown on a template of epitaxial SrTiOa grown on 
Lao.3Sro.7Alo.35Tio.35O9 crystals fS]. In the point-contact 
spectra, the features associated with Andreev reflection 
[To] at the point-contact are clearly seen, but other fea- 
tures including a strong asymmetry in the conductance 



with respect to the voltage across the point-contact are 
also observed. From a systematic analysis of the anti- 
symmetric part of the spectra and its temperature de- 
pendence, we show that the asymmetry might provide 
useful information about the rich normal state proper- 
ties of these superconductors. 

In order to perform PCS the sample is mounted on a 
home-built low temperature scanning probe microscope 
adapted to perform spectroscopy in the point-contact 
mode. The point-contact is formed between the thin 
films and sharp metallic tips of silver. The microscope 
is equipped with a sophisticated coarse approach mecha- 
nism which gives us fine control on the size of the point- 
contact. The microscope with the sample is dipped in 
a liquid He storage dewar and the temperature is con- 
trolled by a heater and a diode thermometer mounted 
on the sample stage. The measurements are done by 
an ac-modulation technique using a lock-in amplifier. A 
representative spectrum captured at 10.4 K is shown in 
Fig. la. The raw data are clearly seen to be asymmet- 
ric about zero bias. For analysis we have extracted the 
symmetric and the antisymmetric (Fig. lb) components 
of the differential resistance using the equation: 
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The spectroscopic features arising in the symmetric com- 
ponent {dV/dI)s and their temperature evolution have 
been discussed in another publication [TTj. Here we con- 
centrate on the antisymmetric component. At 10.4 K the 
antisymmetric component of the differential resistance is 
flat with its magnitude being almost zero at lower bias 
for \V\ < 12.5 mV (Fig. lb). Beyond this voltage range, 
the magnitude increases smoothly with V and shows a 
linear dependence for \V\ > 20 mV. The general shape 
of the curve changes with increasing temperature (shown 
by the color plot in Fig. 2a) . The width of the flat region 
in voltage first decreases; then, close to a temperature of 
27 K, the fiat region disappears and the antisymmetric 



component changes sign near V = (Fig. 2c). At still 
higher temperatures, the flat region reappears, reducing 
in range as the temperature is increased further, but re- 
maining until our highest measured temperature. In this 
higher temperature range, the magnitude of the overall 
antisymmetric component (Fig. 2d) is much smaller [12]. 
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FIG. 1: Point-contact spectra obtained between metallic Ag 
and an epitaxial thin film of Ba(Feo.92Coo.o8)2As2. (a) The 
raw data, (b) The antisymmetric component of the data pre- 
sented in (a) extracted following the method described in the 
text. 



An often-quoted explanation for conductance asymme- 
tries in point-contacts is a contribution due to thermo- 
electric effects arising from a temperature gradient ex- 
isting in the point contact. In order to understand this, 
it is important to briefly review the different regimes of 
electron transport in metallic point-contacts [T3]. De- 
pending on the size of the point-contact and the elec- 
tronic mean free path of the materials forming the point- 
contact, electronic transport can take place in different 
regimes. A point-contact is in the ballistic limit when the 
effective point-contact size - contact diameter a - is signif- 
icantly smaller than the elastic mean free path - leiasUc- 
In this regime, the electron only accelerates within the 
contact and dissipates energy away from the contact. If 
the contact size is larger than the inelastic mean free path 
0. ^ hneiastic, the electron can dissipate energy within the 
contact region. In this so-called thermal regime, the local 
temperature {T^ff) at the center of the point-contact can 
be considerably higher than that of the bath temperature 
Tbath- For a point-contact between two dissimilar mate- 
rials, the temperature at the center of the point-contact 
is given by 
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{Lip2 + L2Pl){pi + P2) 
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where, Li and L2 are the Lorenz numbers corresponding 
to the two materials with resistivities pi and p2 respec- 
tively. In both cases, Teff goes as V^ for small voltages, 
as should be expected, since the effective temperature 
should not dependend on the direction of the current 



flowing through the contact. Consequently, the contri- 
bution to the I — V characteristic for thermoelectric ef- 
fects is symmetric in bias, leading to a differential voltage 
characteristic dV/dl arising from thermoelectric effects 
that is antisymmetric in the applied voltage. The corre- 
sponding asymmetry in dV/dl can be represented by the 
antisymmetric component 



{dV/dI)as = {dTeff/dI)iSi{T)-S2iT)) 

« {dT,ff/dV)iS,{T)~S2{T)) 



(3) 



where, ^i and S2 are the Seebeck coefficients of the two 
materials respectively. Here we assume that the differen- 
tial resistance dV/dl does not change appreciably, so that 
we can replace dT/dl with dT/dV without significant er- 
ror. This is clearly not true in the superconducting case, 
but the symmetry argument is not affected. The differ- 
ence in the Seebeck coefficients between the two materi- 
als can be determined from the measured antisymmetric 
component of dV/dl once dT^ff/dV is known, which can 
be calculated from Eqn. (2). That is exactly what is seen 
in thermal point-contacts between two metals [13i. Since 
the ferropnictide materials are known to have rich ther- 
moelectric properties [2] , it is tempting to attribute our 
observation to the processes mentioned above. 

However, our data are obtained from a point-contact 
that is either in the ballistic limit or close to the ballistic 
limit, but definitely not in the thermal limit. This is con- 
firmed by the following observations for the symmetric 
component of the differential conductance {dI/dV)s (see 
ref. [H]): (i) the general shape of the symmetric compo- 
nent of the spectrum clearly shows a conductance dip at 
zero bias which is the hallmark of a ballistic point-contact 
on a superconductor |10| : (ii) There is no conductance 
dip observed that could be related to the contribution 
of the critical current [TS]; (iii) the normal state resis- 
tance of the point-contact is high {Rpc ~82 fi) and does 
not vary noticeably with increasing temperature and (iv) 
The approximate size of the point-contact is estimated 
to be ^ 2.5 nm by putting in the normal state contact 
resistance in Wexler's formula[l6] given by 



Rpc 
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where a is the contact diameter, 13 r^ 1, p is the resistivity 
of the material in the normal state and I is the mean free 
path. The estimated size of the point-contact turns out 
to be smaller than the typical mean free path in usual 
ferropnictide crystals (lower bound to the mean free path 
was found to be ^ 3.5 nm)TT. 

In the ballistic limit of point-contacts, the above ex- 
planation for the conductance asymmetry is not valid as 
there is no dissipation of heat expected within the point- 
contact with T^ff — Tbath, and Tbath is not ^-dependent. 
A more sophisticated analysis would require the calcula- 
tion of thermoelectric voltages from the nonequilibrium 
distribution functions that arise in the ballistic regime 
|18) . However, this has not yet been considered for point- 
contacts. 
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FIG. 2: Temperature dependence of the antisymmetric part 
of the point-contact spectra, (a) Color plot of the spectra be- 
tween temperatures 5.8 K and 32 K. The black line indicates 
the spectrum at 23. 7K, the mid-point of the resistive transi- 
tion, (b) Spectrum at 23.9 K, just above the transition, (c) 
Spectrum at 27.6 K and (d) Spectrum at 31.7 K. 



Therefore, the antisymmetric component {dV/dI)as 
does not appear due to conventional point-contact heat- 
ing and consequent thermoelectric effect. However, a 
comparison of {dV/dI)as with {dI/dV)s at temperatures 
far below the superconducting transition temperature 
shows that the voltage range below which {dV/dI)as is 
flat is identical to the voltage that corresponds to the po- 
sition of the conductance peak signifying the supercon- 
ducting energy gap in {dI/dV)s (see ref. ^ITj and Fig. 1). 
Thus, the antisymmetric component is almost zero when 
the voltage across the point contact is less than the su- 
perconducting gap voltage, becomes finite just above the 
gap and varies linearly at higher voltages. The tempera- 



ture evolution of {dI/dV)s clearly indicates that the su- 
perconducting energy gap decreases with increasing tem- 
perature, but does not vanish at the critical temperature 
of the superconducting film (23.7 K in this case), sur- 
viving to temperatures greater than 30 K. As discussed 
in [11], the superconducting critical temperature of the 
film is smaller than the temperature where pairing of the 
quasiparticles occurs without a global phase coherence. 
In such a case, phase-incoherent superconducting pairs 
in the normal state might cause a pseudogap to survive 
well above the critical temperature of the superconduc- 
tor, and this pseudogap contributes to the thermoelectric 
effect in the same way as the conventional gap. It seems 
that this phenomenon is prominently exhibited by the 
antisymmetric component of the differential resistance 
{dV/dI)as- Survival of the fiat region even above 32 K, 
where features due to Andreev reflection have completely 
disappeared in (dl /dV)s indicates that the normal-state 
gap survives even above this temperature. We cannot 
resolve this feature in {dI/dV)s beyond 32 K [TT]. 

In conclusion, we have observed significant conduc- 
tance asymmetry in point-contact Andreev refiection 
spectra between metallic silver and epitaxial thin films 
of Ba(Feo.92Coo.o8)2As2. We show that the asymmetry 
observed in our ballistic point-contacts does not origi- 
nate from the usual generation of local thermoelectric 
voltage for point contacts near the thermal limit. We 
argue that the antisymmetric component provides useful 
spectroscopic information about the Fermi surface of the 
material both in the superconducting and in the normal 
state and associate the unusual evolution of the antisym- 
metric component above Tc with the existence of the su- 
perconducting gap above Tc that might originate from 
strong fluctuation of the phase of the superconducting 
order parameter. 
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